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Abstract 
Faculty members in typical teaching and research universities constantly feel pulled in three different directions –teaching, 
research and service. These constant demands and tug-of-war often leads us to unfortunately “cut corners” and not take our 
teaching as seriously and instead make us focus on our research activities. However, with a little bit of work and creativity, it is 
possible that we can “borrow a little from our various research activities to enhance our undergraduate teaching”. This poster will 
present three examples where the author has taken basic elements of three different biochemistry research projects and 
incorporated them into his undergraduate biochemistry laboratory classes. This not only gives students the opportunity to see 
latest topics in the faculty members’ research but to also see how chemistry (or biochemistry) actually addresses real-world 
issues and concerns. The three topics deal with 1) using GFP to study protein denaturation, 2) using Alkaline Phosphatase assays 
to study basic enzyme kinetics, and 3) use of Advanced Oxidation Processes to degrade organic pollutants. Experimental set-ups 
of each of these three undergraduate experiments will be presented in detail. 
 
Keywords: Undergraduate teaching; biochemsitry lab experimetns; Green Fluorescent Protein denaturation; Advacned Oxidation Processes. 
1. Introduction 
United Arab Emirates University (UAEU) was established in 1976 and is the leading comprehensive national 
university in the United Arab Emirates. Since its establishment, the university has grown to about 700 faculty 
members in ten faculties and educates over 13,000 students each year. About 75% of the student population is 
female and most of the students (~ 90%) are from UAE. As the UAE's first and most comprehensive residential 
university, the university’s mission statement categorical states that the university is committed to excellence in 
undergraduate and graduate education, research and service to the nation and beyond. Hence, like faculty members 
in other medium-sized Western universities, faculty members at UAE University constantly feel the tug-of-war 
between the three major areas of academic life – Teaching, Research and Service. Recently, UAE university has 
adopted a very ambitious transformation plan to become a research-intensive university, while at the same time 
maintaining its commitment to excellence in teaching and community service. This has put additional pressure on us 
faculty members to find clever ways to balance the demands of teaching and service while excelling in research. 
This paper describes an approach that is presumably taken by many of us when we are trying to teach our 
students specific topics that overlap with our research interests, however, the three examples I have cited here show 
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that even the simplest of techniques or assays that we normally use in our complex research can be easily 
incorporated in undergraduate labs – hence, “borrowing a little from research to enhance undergraduate teaching.” 
The main motivations for preparing this report were to 1) to enhance/enrich our students’ educational experience, 2) 
to give them skills which they will benefit from after they graduate and lastly, 3) to build up the “teaching 
portfolios” of junior faculty members to help them in their promotion process. 
2. Examples 
Two of the three examples (GFP denaturation and dye degradation experiments) described here are based on 
published results by the author and readers are strongly encouraged to read the cited papers for exact details of the 
assay conditions.  
2.1. Example 1 
GFP denaturation Project used to create a “protein denaturation experiment” for the (Biochemistry Lab) 
 
One of the areas of interest in my lab deals with the unusually stable protein called Green Fluorescent Protein 
(GFP). During our investigations of GFP denaturation under various conditions, we found that GFP denaturation 
was very sensitive to pH and that fluorescence spectroscopy could easily be used to monitor GFP denaturation and 
renaturation states (Alnuaimi et al, 2008 and Saeed and Ashraf, 2009). Since we had a readily available GFP 
bacterial expression clone, we worked with the Biochemistry lab instructors to incorporate a section on fluorescence 
spectroscopy and monitoring of GFP denaturation in one of the labs that deals with protein denaturation (Fig. 1). 
This new addition to the “protein denaturation lab” has been well-received by the students and fits very nicely with 
the lecture part of the course when GFP is discussed under protein structure and function.  
 
 
 
Figure 1: A) Schematic showing protein denaturation. B) Actual data from GFP denaturation studies. 
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2. Examples 
2.2 Example 2 
 Degradation of dyes by AOPs used as an example to show how chemistry can be used to solve a “real-world 
problem” and as an example of raw data export into MS Excel program. 
 
One of the areas that we have published extensively is the area of dyes (as organic pollutants) degradation using 
oxy-radicals by approaches called “Advanced Oxidation Processes” (AOPs). Organic dyes and modern life are 
intimately linked with each other – whether it is children’s toys or clothes we wear or almost any other daily-used 
items, dyes are an integral part of their manufacture. It is estimated that 450,000 tons of dyes are manufactured 
annually and that up to 15% of it is discharged back in the environment as dye-contaminated waste water. We and 
others have shown for quite some time that these aromatic organic dyes can be readily and effectively degraded by 
oxy-radicals released during AOPs (Alshamsi et al, 2007 and Alnuaimi et al, 2008). Since these dyes are usually 
colored, their degradation can be easily monitored using UV-Vis spectrophotometry (and verified by HPLC, LC-MS 
or GC-MS analyses). The UV-Vis spectrophotometric data can then be fit to a pseudo-first order equation and the 
rate of dye degradation can be calculated (Fig. 2).  
We have successfully used this simple experimental set-up to teach students “exporting data from lab instruments 
and simple data manipulation in MS Excel program)” in our “Professional and Transferable Skills for Chemists” 
class that all our second-year students must take.  The instructor can also take the opportunity to have in-class 
discussions to highlight various environmental and practical issues with regards to waste-water treatment. 
Although this experiment has been successfully incorporated in the “Skills” class, it can easily be used as a lab in 
Freshmen-level General Chemistry lab or even Physical Chemistry lab (Rauf and Ashraf, 2010). 
 
 
 
Figure 2: Photolytic degradation of an organic dye and data manipulation to determine “rate constant” for dye degradation. 
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2.3 Example 3 
Inhibition of Alkaline Phosphatase by pollutants (used to create a Basic Enzyme Kinetics lab for the Biochemistry 
Lab). 
 
This example is based on the work of one of my MSc students who was looking at the inhibition of bacterial 
Alkaline Phosphatase (ALP) by various pollutants. As part of the thesis objectives, we wanted to examine the effect 
of different heavy metals on the rate of ALP activity. The rate of reaction (or initial velocity) of ALP was 
determined first by monitoring the hydrolysis of a colorless substrate p-nitrophenol phosphate (pNPP) into a yellow-
colored p-nitrophenolate anion using UV-Vis spectrophotometry. The slope of the graph of p-nitrophenolate anion 
produced (as measured by absorbance at 405 nm) versus time (¨ A405/minute) was used as a measure of the rate of 
enzyme catalysis or initial velocity (Fig. 3).  
 
 
 
Figure 3: A) Assay reaction catalyzed by Alkaline Phosphatase (ALP) enzyme. B) Schematic of the assay and determination of rate of ALP 
activity. 
 
During the course of her experimentation we realized (as is well-known) that ALP enzyme assay is very robust 
and very easy to carry and decided to incorporate it into the Biochemistry lab as an experiment to study basic 
enzyme kinetics (Fig. 4). 
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Figure 4: Part of the experimental write-up for Alkaline Phosphatase lab 
3. Conclusion 
In conclusion, the present report presents a few ideas to support the notion that excelling or focusing on 
“Research” does not automatically preclude excelling in teaching. The three examples briefly described here shows 
that  significant “enhancement” of undergraduate teaching can be easily (with minimal time investment) achieved by 
incorporating elements of our research into teaching labs/classes. Lastly, “borrowing from research to enhance 
teaching” can have numerous benefits for both students and the instructor. 
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